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EVOLVEMENT OF ELECTROCHEMICAL IMPEDANCE
SPECTRA OF A Bi-ELECTRODE CELL FOR
CARBON STEEL IN THE INITIAL STAGE OF WET/DRY PROCESS

LI Sheng-xi, DONG Jun-hua,HAN En-hou,KE Wei
Environmental Corrosion Center ,Institute of Metal Research ,Chinese Academy of Sciences ,Shenyang 110016

Abstract ; In-situ monitoring the electrochemical impedance spectra of a two carbon electrode system un-
der wet/dry cyclic condition was carried out by means of an electronic balance and electrochemical im-
pedance technique. The evolvement of impedance spectra of carbon steel in the initial stage of atmospheric
corrosion was investigated. The results showed that when the electrolyte film was thick, the simple trans-
mission line model could be used to carry out the nonlinear least squares (CNLS) fits; while the thick-
ness of electrolyte film became thinner than 128 um. Warburg impedance appeared in the impedance
specira. When the distribution of surface electrolyte film became discontinuous and there wasnt any rust in
the initial stage, the solution resistance between the two electrodes increased significantly, and became
the resistance of the dielectric material between the two electrodes.

Keywords ; electrochemical impedance spectroscopy (EIS) ; carbon steel; wet/dry cyclic condition; thin

electrolyte film; transmission line (TML) model
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Fig.1 Schematic diagram of electrochemical cell for EIS study
under a thin electrolyte film; (a) top view and (b)
transverse cross — sectional view
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Fig. 2 Schematic diagram of experimental setup for EIS tests
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Fig. 3 Thickness of electrolyte film derived from

mass change of test specimen
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Fig. 4 Equivalent circuit for a metal

covered with a thin electrolyte layer
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Fig. 5 Experimental Nyquist diagrams of carbon steel in wet con-
dition of the first wet — dry cycle ( the caption cl — 1
means the first EIS measurement in the first wet — dry cy-

cle,all the captions used in this paper are presented in the

same way )
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Fig. 6 Experimental Nyquist diagram of carbon steel for

the seventh measurement in the first wet — dry cycle

Table 1 Fitted results of EIS data of

arbon steel the first cycle in the wet condition

R, Rg Ca RS
Q kQ - ecm wF/cm Q- cm *
cl-1 163.4 11.49 100 533.5 0.6478
cl-2 175.2 11.24 103 365.5 0.6418
cl -3 160. 6 10.94 206 197.2 0.5365
cl -4 175.8 7.35 162 3.13¢-10 0.4863
cl-5 151.9 4.92 106 1.13e-11  0.4351
cl -6 119.6 4.78 658 9.2le-7  0.2943
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Table 2 Fitted results of EIS data in Fig. 8 using equivalent circuit (RC)
cl -8 cl -9 cl -10 cl -11 cl -12 bare
R,Q 6. 713ES 1.399E6 1.497E7 3.238E7 8.259E7 7.032E8

C,F 3.864E -11 4.351E -11 3.624E -11 3.525E -11 3.662E -11 3.174E -11
CPE FHHTISHEAT B /D kA . SREY, A KBRS
. ) I BH Ry VAW EEBE R 3578 Fio, A [ 8 2 ) D S 4 T DK
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Fig. 7 Equivalent circuit used to fit the EIS data of

the seventh measurement in the first wet-dry cycle
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Fig. 8 Experimental Bode diagrams of carbon steel in bare

condition and in dry condition of the first wet-dry cycle
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